O ssification of the posterior longitudinal ligament (OPLL) is one of the major diseases causing cervical myelopathy or radiculopathy. Severe OPLL, with a canal narrowing ratio (CNR) exceeding 50%, poses a significant challenge for spinal surgery. The huge ossified mass indents the spinal cord deeply and may be adherent to the dural mater, even with dural ossification, which can result in a high rate of iatrogenic neurological deterioration and surgery-related complications. [1] [2] [3] [4] [5] [6] The optimal surgical approach for severe OPLL has been controversial.
Recent studies reported that anterior decompression yielded better outcomes than a posterior approach for severe OPLL, 3, 4, [7] [8] [9] [10] [11] but an anterior approach is more technically demanding. Many techniques aimed at avoiding unexpected complications have been reported, including a specialized microdissector, 10, 11 laser-assisted corpectomy, 12 diamondtipped burrs and micromanipulations, 4 and no-touch techniques for an open base (defined as both lateral margins of the ossified base being within the posterior cortex of the vertebral body and not reaching the pedicle). 13 However, some problems still need to be resolved, such as how to approach OPLL with a closed base (defined as no space between the lateral margin of the ossified base and the spinal canal lateral wall) 13 and how to treat cerebrospinal fluid leakage (CSFL).
In this study, 22 patients with severe OPLL underwent anterior corpectomy and fusion using longitudinal decompression techniques. The efficacy of the procedure and the complications were evaluated.
Materials and Methods
Between June 2008 and December 2011, a total of 22 patients underwent anterior corpectomy and fusion. Inclusion criteria for anterior surgery included the following: (1) an accountable ossified mass in less than 3 vertebrae, thus requiring corpectomy in 1 or 2 vertebrae; and (2) a CNR exceeding 50%. Patients with myelopathy caused by cervical disk herniation or spondylosis, with cervical ossification of the ligamentum flavum or thoracic OPLL, and with a history of previous cervical spine surgery or injury were excluded.
The study group comprised 16 men and 6 women with a mean age of 58.0±6.6 years (range, 45-72 years). Mean duration of symptoms was 29.5 months (range, 3-84 months) ( Table 1 14 According to axial computed tomography (CT) scans, 5 patients had a closed base and 17 patients had an open base. 13 
surgical technique
All surgeries were performed by a single surgeon (Y.S.). Under the cervical plexus with potentiated anesthesia, the cervical spine was exposed through a standard right-side anterior approach. After necessary diskectomies, the vertebral bodies were partially removed using a rongeur within the Luschka joint. The posterior cortex and the ossified mass were slightly thinned with a burr. The above or below adjacent vertebral body was partly removed to facilitate further decompression because there was more space for instrument entrance behind the vertebral body (Figure 1) . Transverse decompression width was larger than the width of the OPLL base to make the base separate from the lateral-posterior cortex. For the closed-base type, the inside part of the pedicle can be drilled, but the outside part of the pedicle must be reserved to protect the vertebral artery (Figure 2) . A microcurette was used to lever the posterior cortex at the middle level behind the adjacent vertebral body, then a gap appeared between the ossified mass and the spinal cord. A microdissector was inserted to separate the adhesion and gently hold the ossified mass (Figure 3) . A 1-mm Kerrison rongeur was used to excise the ossified mass piece by piece (Figure 4) . This technique was used longitudinally from one end of the ossified mass, and the other end was attached to posterior cortex to avoid premature freeing that may cause damage to the spinal cord.
If the ossified mass adhered to the dura or the dura itself was ossified, the floating method was adopted. The drill was used to carefully abrade the ossified mass until it become paper thin, and reexpanded dura mater was observed. Titanium mesh with autogenous bone was inserted and fixed using a locking plate.
Clinical and Radiological Evaluation
Follow-up was conducted in all patients, including lateral radiographs and CT scans obtained at 0, 3, 6, and 12 months postoperatively and annually thereafter.
The following parameters were investigated: (1) neurological function, evaluated by the Japanese Orthopaedic Association (JOA) scoring system; (2) CNR, defined as the maximum thickness of the OPLL divided by the anteroposterior diameter of the bony spinal canal on axial CT images; (3) fused segment height (FSH), defined as the distance between the midline of the involved cranial vertebral body and the caudal vertebral body on radiographs; and (4) fusion, defined as the presence of trabecular bone bridging on radiographs, no radiolucency between the graft and the adjacent vertebral body, and no motion at the fused segment.
Statistical Analysis
Statistical analysis was performed using SPSS version 16.0 statistical software The adjacent vertebrae was partly removed. A drill was used to thin the ossified mass, and there was less oppression and more space behind the vertebral body (arrow).
(SPSS, Inc, Chicago, Illinois). The pairedsamples t test and 1-way analysis of variance were used to assess the statistical significance of any change in parameters between pre-and postoperative states. A P value less than .05 was considered statistically significant.
results

Clinical Outcome
One corpectomy with supplementary partial corpectomies of the adjacent vertebrae above or below was conducted in 16 patients (2 levels were fused), and 2 corpectomies were conducted in 6 patients (3 levels were fused). Mean operative time was 144.8±27.4 minutes, with a mean blood loss of 245.2±85.0 mL. Mean follow-up was 25.4 months (range, 15-39 months) ( Table 1) .
Mean JOA score increased from 8.8±1.4 preoperatively to 14.0±1.2 at final follow-up, which was a statistically significant difference (t=-18.259; P<.05), and mean improvement rate was 63.5%±12.5% ( Table 2 ). The imaging of a typical case is shown in Figure 5 .
Radiologic Outcome
Mean CNR decreased from 62.0%±6.0% preoperatively to 8.2%±4.9% postoperatively, which was statistically significant (t=36.205; P<.05) ( Table 2) .
Mean FSH was 60.7±11.0 mm preoperatively, 63.0±11.4 mm postoperatively, 60.9±11.3 mm at 6 months postoperatively, and 60.2±11.2 mm at final followup (Figure 6 ). No statistical significance existed when compared with preoperative FSH (F=0.263; P>.05). Titanium mesh subsidence ranging from 3.1 to 3.5 mm occurred in 5 patients ( Table 2) . Subsidence was defined as a loss of FSH more than 3 mm at the last follow-up compared with immediately postoperatively.
Solid osseous union was noted in 20 patients at 6 months postoperatively. The other 2 patients fused at 8 and 9 months postoperatively.
Complications
Intraoperatively, CSFL occurred in 5 patients after dural tearing due to tight adhesion with the dura. Timely treatment was performed, including covering with artificial dura, tamping with a gelatin sponge, suturing platysma myoides densely, and placing drainage beside the wound. Postoperatively, 3 patients developed CSFL. One patient's CSFL stopped after 4 days of conservative treatment, including continuous pressure and bed rest. One patient experienced a CSFL pseudocyst, which gradually disappeared after 3 weeks of repeated puncturation and aspiration. The final patient experienced persistent wound exudation, mild fever, and headache and was treated with drainage, diagnostic lumbar puncture, and antibiotics therapy. The patient recovered 10 days later.
One patient experienced subcutaneous hematoma, which caused a dyspnea that was cured by emergency surgery without neurological deterioration.
There was no vertebral artery injury intraoperatively, and no instrumented failure occurred during follow-up. 
discussion
It is a challenge for spine surgeons to treat severe OPLL because the optimal surgical approach has been controversial. Many surgeons recommend posterior decompression for the relatively simple technique and low complication rate. 15, 16 But for patients with a CNR greater than 50%, studies report that an anterior approach has better outcomes and long-term benefits.
3,4,7,10,11 Tani et al 4 reported that the mean improvement rate of anterior decompression was 58%±24% in patients with massive OPLL, whereas mean improvement rate of laminoplasty was only 13%±39%. Sakai et al 3 performed a prospective study with 5-year follow-up and reported that the mean JOA score and recovery rate in the anterior group were superior to those in the posterior group, especially for cases with a CNR greater than 50%. In the current series, mean CNR decreased from 62.0%±6.0% to 8.2%±4.9%, with an improvement rate of 63.5%±12.5%. The conclusion can be drawn that an anterior approach can remove the OPLL thoroughly and achieve a better functional recovery for severe OPLL. An anterior approach should be recommended, even with a high risk of surgery-related complications.
The success of an anterior procedure depends on less traumatic manipulation. Many different techniques have been reported, including a specialized microdissector, 10, 11 laser-assisted corpectomy, 12 diamond-tipped burrs and micromanipulations, 4 and no-touch techniques for an open base. 13 The application of these techniques has made great progress in anterior surgery, but they cannot be applied to patients with a closed base. Wang et al 13 divided OPLLs into open base and closed base and considered that the latter cannot be cut in an anterior approach because there is no space between the lateral margin and the spinal canal for instrument entrance.
In the current study, 5 patients with closed-base OPLL underwent anterior corpectomy and fusion, and good neurological improvement was obtained. Although there was no lateral space for instrument entrance to cut the ossified mass, the surgeon chose to partly remove the adjacent vertebrae. There was less oppression behind the vertebral body, which provided a space to use instruments without further compressing the already compromised spinal cord. Meanwhile, unlike previous decompression in a lateral-medial 10, 13 or medial-to-lateral direction, 12 the surgeon chose a longitudinal decompression, which is operated from one end of the ossified mass to the other end. Due to previous drilling of the cortex and adequate decompression width, the ossified mass was sufficiently thinned. It was separated or only connected a small amount with the posterolateral cortex. Gentle separating and operating removed the OPLL. This technique can be applied to patients with varying degrees of OPLL, from subtle to severe.
However, surgeons should pay attention to the following problems. First, the reasonable decompression width is highly technically demanding, and the surgeon's skill must be taken into consideration. Especially with a closed base, the bottom width of the decompression trench should be larger than the ossified base but less than pedicle spacing. The authors suggest that the width of the closed base be measured on a preoperative axial CT image. Intraoperatively, the Luschka joint can be used to judge the transverse width, and the outside part of the pedicle must be reserved to protect the vertebral artery. Second, only 5 patients with a closed base underwent anterior surgery using this technique. More cases need to be performed in the future.
To facilitate decompression, part of the adjacent vertebral body was removed. Controversy may exist here. Previous studies 17, 18 suggested that the endplate should be reserved during the anterior approach to avoid the subsidence of bone graft. In the current study, titanium mesh subsidence occurred in 5 patients at final follow-up. Meanwhile, mean FSH decreased 2.8±0.4 mm from preoperatively to final follow-up. However, no neurologic deterioration was observed in these 5 patients, and mean FSH only decreased 0.5±0.4 mm from postoperatively to final follow-up. One reason is that intraoperative distraction with a Caspar spreader may remedy the postoperative loss of FSH. Another reason is that graft subsidence appeared to occur mainly during the first 6 weeks postoperatively. 19 In the current study, solid osseous union was noted in 20 patients 6 months postoperatively, which may prevent the further loss of FSH. But the mechanism and long-term effects remain to be further researched.
Cerebrospinal fluid leakage is the most common complication after an anterior approach for OPLL, with an incidence rate between 4.6% and 32%. 5 If not treated properly, it may lead to wound infection, purulent meningitis, and even mortality. 2, 6 Cerebrospinal fluid leakage is more common in severe OPLL because of the tight adhesion with dura mater or the dural ossification.
In the current study, 5 patients developed dural injury intraoperatively. Post- operatively, 13.6% (3 of 22) of patients developed CSFL without serious residual complications. Various dural repair techniques have been reported, such as suture, fascial graft, lumbar subarachnoid drain, and microdural stapler. 5, 6, 20 Some authors 10, 11 suggested that these measures were unnecessary and that CSFL could be cured by conservative treatment. In the current authors' opinion, meticulous dissection should be performed to limit the area of dural defect, and postoperative treatment should be aggressive. Immobilization, wound drainage, and anti-infection measures are the most basic and important treatment. The risk of CSFL should not be overly concerning.
The current study has some limitations. First, it included a limited number of 22 patients due to the rarity of this condition. Second, a comparison between this method and other types of procedures was not included. Third, long-term follow-up studies are necessary, which the authors plan to conduct in the future.
conclusion
Anterior surgery using longitudinal decompression techniques is a relatively effective procedure for treating patients with severe OPLL. It can be applied to treat OPLL with a closed base. However, it is associated with a high risk of CSFL. When choosing this approach, surgeon skill should be taken into consideration.
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